Methods and analysis: The C-cubed (C 3 ) study is a two-arm, multicentre, open-label, randomised phase III trial in Japan comparing the efficacy and safety of sequential capecitabine or 5-fluorouracil plus bevacizumab (Cape/5-FU-Bmab) with escalation to capecitabine or 5-fluorouracil plus oxaliplatin plus bevacizumab (CapeOX/mFOLFOX6-Bmab) versus combination CapeOX/mFOLFOX6-Bmab as the first-line treatment of mCRC. In the sequential arm (Arm A: oxaliplatin 'wait-and-go'), treatment escalation from Cape/5-FU-Bmab to CapeOX/mFOLFOX6-Bmab is recommended in the case of progressive disease. In the combination arm (Arm B: oxaliplatin 'stop-andgo'), de-escalation from CapeOX/mFOLFOX6-Bmab to Cape/5-FU-Bmab is possible after 12 weeks of treatment. Re-escalation to CapeOX/mFOLFOX6-Bmab after progressive disease is considered only for patients who received de-escalation of oxaliplatin after 12 weeks of treatment not caused by oxaliplatinassociated toxicity. A target sample size of 304 evaluable patients is considered sufficient to validate an expected HR for time to failure of strategy of the sequential approach 'wait-and-go' compared to the combination approach 'stop-and go' with 80% power and 2-sided 5% α in case of a true HR<0.69.
Ethics and dissemination:
This study is conducted according to the standards of Good Clinical Practice and in compliance with the Declaration of Helsinki 2013 and local regulations, and has been submitted and approved by the Ethical Committee of the NonProfit Organization MINS Institutional Review Board.
Strengths and limitations of this study
▪ This study is the first phase III trial to determine whether a sequential bevacizumab-based first-line treatment with oxaliplatin is superior to conventional bevacizumab-based treatment regimens. ▪ A particular strength of this study design is the time to failure of a strategy that allows for a wide range of approaches to manage patients with metastatic colorectal cancer while retaining them on the study, thus providing a more complete assessment of a given strategy's benefit. ▪ This innovative design allows for the analysis of therapeutic strategies and associated toxicities. ▪ Although a limitation of this study is that treatment assignment is stratified on the basis of only the clinical criteria, we believe that the results will provide immediate implications for current and future clinical trials, as well as for the patients and their physicians.
INTRODUCTION
Colorectal cancer (CRC) is one of the leading causes of cancer-related deaths and the most common cancer type, with more than one million new cases annually diagnosed worldwide. 1 2 In ∼25% of patients with CRC, synchronous metastasis is apparent at initial diagnosis. 3 Additionally, 20-25% of patients with CRC who undergo curative resection for the primary lesion develop metachronous metastases. Of these patients with CRC with synchronous or metachronous metastases, unfortunately, only 10-20% are resectable at the time of diagnosis. 4 5 Patients with metastatic CRC (mCRC) can be classified into four groups. Group 0 includes patients with primarily technically R0 (cancerous cells that are not observed microscopically in surgical margins)-resectable liver or lung metastases with no biological relative contraindications. Group 1 patients have potentially resectable metastatic disease with curative intention; active induction chemotherapy is required in this group. Group 2 patients are those with disseminated disease that is technically never or unlikely resectable; intermediate intensive treatment for these patients is intended to be palliative. Group 3 patients have unresectable metastatic disease; in these patients, the maximal shrinkage of metastases is not the primary treatment aim and nonintensive and/or sequential treatment is considered in the absence of imminent symptoms and limited risk for rapid deterioration to prevent tumour progression and to achieve prolongation of life with minimal treatment burden. 3 Therefore, less intensive regimens focusing on survival and disease control may be a better choice for first-line treatment in Group 3 patients with mCRC. Grothey et al analysed the AVF2107g and N9741 trials that demonstrated survival benefits of bevacizumab in first-line mCRC and identified that tumour response was not a required factor to provide benefit as a first-line therapy for patients with mCRC. Although patients achieving response had a better prognosis, response was not predictive of the benefit derived from the superior treatment in either trial. 6 Several randomised trials have indicated that combination chemotherapy in mCRC did not significantly improve overall survival (OS) compared with the sequential use of cytotoxic agents (FOCUS, FOCUS2,  CAIRO, FFCD 2000-2005) . [7] [8] [9] [10] The present study investigated whether these conclusions also hold true for bevacizumab-based first-line treatment with oxaliplatin. The combination of a fluoropyrimidine plus bevacizumab was previously shown to be effective as a first-line treatment for mCRC with progression-free survival (PFS) times of 8.5-10.8 months and disease control rates of 71-92.5%. [11] [12] [13] In addition, relatively low rates of progressive disease (PD) at 2.7-19% have been reported with this treatment regimen.
This trial is designed to investigate the efficacy and safety of a sequential capecitabine or 5-fluorouracil (5-FU) plus bevacizumab (Cape/5-FU-Bmab) with escalation to capecitabine or 5-FU plus oxaliplatin plus bevacizumab (CapeOX/mFOLFOX6-Bmab) compared with a conventional combination CapeOX/mFOLFOX6-Bmab for the first-line treatment of unresectable mCRC with the goal of long-term disease stabilisation and moderate toxicity. In the case of first occurrence of PD (PFS-1) in the sequential arm (Arm A: oxaliplatin 'wait-and-go'), treatment is escalated by adding oxaliplatin. PFS-2 can be investigated in patients developing stable disease or partial remission/complete remission after treatment intensification ( figure 1 ).
In the combination arm (Arm B: oxaliplatin 'stop-andgo'), patients received CapeOX/mFOLFOX6-Bmab as the first-line therapy. De-escalation to Cape/5-FU-Bmab is allowed either after 12 weeks (3 months) of treatment or if oxaliplatin-induced toxicity develops. The primary end point is the time to failure of strategy (TFS). The quality of life assessment by several questionnaires is performed in both treatment arms to investigate the impact of sequential chemotherapy and combination chemotherapy as first-line therapy options.
METHODS AND ANALYSIS Primary objective
The primary objective is to examine the efficacy of the sequential arm as the first-line treatment in patients with unresectable mCRC. Since the sequential administration of treatment regimens is evaluated, TFS is selected as the primary end point (figure 1). 14 In the sequential arm, Cape/5-FU-Bmab treatment will be escalated after disease progression (PFS-1) by the addition of oxaliplatin (CapeOX/ mFOLFOX6-Bmab); in those patients, PFS-2 will then be assessed after treatment intensification. In the sequential arm, TFS is defined as PFS-1+PFS-2, where PFS-1 is the time between randomisation and the first failure of Cape/5-FU-Bmab and PFS-2 is the time between PFS-1 and PD after treatment intensification to CapeOX/mFOLFOX6-Bmab.
In the combination arm, treatment will be de-escalated to Cape/5-FU-Bmab and re-escalated to CapeOX/mFOLFOX6-Bmab according to a predefined algorithm. TFS is defined as the time between randomisation and progression on the combination arm treatment strategy.
In this study, PD is defined as a <20% increase in the sum of the longest dimensions of target lesions from baseline. 15 The exacerbation of the underlying disease and appearance of new lesions (a clinical diagnosis of distinct disease progression) was included in the assessment of PD for new non-target lesions. Additionally, PFS was calculated on the basis of PD assessed according to the Response Evaluation Criteria in Solid Tumors V.1.1.
Secondary objective
Secondary objectives are to compare the overall response rate (ORR), PFS-1, PFS-2 (Arm A only), OS, time to treatment failure, the duration of disease control (DDC), safety, toxicity and the quality of life. Survival is defined as the interval between randomisation and death from any cause. The grade of toxicity will be assessed using the National Cancer Institute Common Terminology Criteria for Adverse Events (NCI CTCAE) V.4.0. The quality of life will be studied by the following: the EuroQol questionnaire (EQ-5D), patient neurotoxicity questionnaire (PNQ), European Organization for Research and Treatment of Cancer (EORTC) quality of life questionnaire (QLQ) C-3 and Japanese health assessment questionnaire ( J-HAQ). 16 
Design
The C 3 study is a two-arm, multicentre, open label, randomised phase III trial comparing the efficacy and safety of a sequential Cape/5-FU-Bmab with escalation to CapeOX/mFOLFOX6-Bmab compared with a conventional combination CapeOX/mFOLFOX6-Bmab for the first-line treatment of unresectable mCRC.
Enrolment
A total of 304 patients will be enrolled in a 1:1 randomisation into the two treatment arms. Patients will be enrolled at one of the 80-100 study centres in Japan. The study started on 1 December 2014. The estimated primary completion date, which is the final data collection date for primary outcome measure, is November 2016, and the estimated study completion date is May 2018. 
Randomisation
Patients are registered to the study after confirming the eligibility criteria and obtaining written informed consent. They are randomised to either treatment group at the data centre (EPS Corporation, Osaka, Japan) using the minimisation method.
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Safety All serious adverse events (SAEs) must be entered into the electronic data capturing system and reported to the principal investigator and the study office ( Japan South West Oncology Group, Hiroshima, Japan) within 24 hours using the completed SAE report and case report form. The principal investigator is responsible for the management of safety reporting requirements according to the local regulations and guidelines. Copies of all report submissions by the principal investigator to regulatory authorities and to the EC that has approved the study will be provided to the pharmacovigilance department of the license holders of the study drugs. If necessary, additional information and clarifications on cases will be forwarded to the license holders by the principal investigator.
Data quality assurance
All patient data are collected in the central database of the data centre at Osaka, and the patient identifiers are kept confidential. Computerised and visual consistency checks will be performed on newly entered forms; queries will be issued in case of inconsistencies.
Monitoring and source data verification
The sponsor will perform on-site monitoring with clinical research associates. The monitoring visits will cover ∼10% of the study centres enrolled in this study. The aim of on-site visits will be as follows: ▸ Adherence to recruitment rate; ▸ Adherence to eligibility criteria; ▸ To evaluate the local facilities available to the responsible investigator for performing clinical trials and to comply with all requirements of the present protocol; ▸ Adherence to scheduled examination and evaluation appointments; ▸ Existence of written informed consent; ▸ Integrity of study documentation; ▸ Source data verification: to assess the consistency of the data reported on CRF with the source data.
Statistical analysis
Statistical analyses will be performed according to the intention-to-treat principle, that is, all eligible patients will be included in the analysis in the arm to which they were randomised independently of whether they received the assigned treatment or not. Toxicity analysis will be conducted in all patients receiving at least one dose of study medication. Demographic and prognostic baseline measures will be analysed for heterogeneity between the two treatment arms. The primary objective of the study is to determine if TFS is superior in the experimental arm. The primary end points will be estimated by the Kaplan-Meier method and compared between groups with a stratified log-rank test.
The secondary end points in the study are ORR, safety, quality of life measurements and time-to-event data. Clinical and laboratory toxicity graded according to NCI CTCAE (V.4.0) will be collected for all patients. The quality of life will be measured using EQ-5D, PNQ, EORTC QLQ C-3 and J-HAQ. Categorical data comparisons between treatment arms will be performed using Fisher's exact, χ 2 and Mantel-Haenszel tests, where appropriate. Continuous data comparisons between treatment arms will be performed using generalised estimating equations or generalised linear mixed models. Time-to-event data (PFS, OS) will be reported according to the Kaplan-Meier method and compared using the log-rank test. In case of non-conformity with proportional hazard assumptions, the generalised Wilcoxon signed-rank test, modified by Peto et al, 19 can be used. All p values will be estimated without adjustment of the level of significance, using two-sided test procedures.
Sample size
This trial hypothesises that TFS with the sequential approach 'wait-and-go' will be superior to the combination approach 'stop-and go.' On the basis of published data on mFOLFOX6, CapeOX or SOX (S-1 plus oxaliplatin) plus bevacizumab and with regard to a marginally decreased prognosis due to the exclusion of resectable patients, a median TFS of 11 months will be expected in Arm B. 15 Median PFS (PFS-1 of Arm A) with Cape/ 5-FU-Bmab for the first-line treatment of unresectable mCRC ranged from 8.5 to 10.8 months. [11] [12] [13] Median PFS of second-line CapeOX/FOLFOX6-Bmab, PFS-2, was 5.7 months when bevacizumab was continuously administered from first-line to second-line treatment. 20 Therefore, we estimate TFS of Arm A as 16 months (10 months for PFS-1 plus 6 months for PFS-2). With these estimations, a total of 223 events are required to achieve a power of 80% with a two-sided type 1 error of 0.05. Under the assumption of a recruitment period of 2 years and a minimum follow-up period of 1.5 years, 21 when taking prematurely withdrawn or censored cases into account, the sample size is set at 304 patients for the study.
Baseline assessment
Baseline assessment will be performed within 14 days before the first application of study medication and will include the following items: 1. CT scan of the thorax and abdomen within 4 weeks prior to randomisation (definition of target lesions); 2. Haematology and differential blood count; 3. Serum chemistry, including creatinine, lactatedehydrogenase, C reactive protein, bilirubin, AP, AST, ALT, serum iron, total iron binding capacity and ferritin; 4. Urine analysis by dipstick; 5. Vital signs, for example, blood pressure and heart rate; 6. Tumour markers (carcinoembryonic antigen, carbohydrate antigen 19-9); 7. Quality of life questionnaires (EQ-5D, PNQ, EORTC QLQ C-3 and J-HAQ).
Study medication 5-fluorouracil 5-FU is a pyrimidine analogue used in the treatment of a wide variety of cancers, including CRC. While 5-FU has been shown to exert its antitumour effect through several mechanisms, its principal mechanism of action is through the inhibition of thymidylate synthase (TS) enzyme. TS methylates deoxyuridine monophosphate to form thymidine monophosphate (dTMP), and its inhibition blocks the synthesis of the pyrimidine thymidine required for DNA replication. 5-FU causes a scarcity in dTMP; thus, rapidly dividing cancerous cells undergo cell death via thymineless death.
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Leucovorin Leucovorin, a form of folic acid, is generally administered as calcium or sodium folinate (leucovorin calcium/sodium). Leucovorin is used as an adjuvant in methotrexate-containing cancer chemotherapy regimens; 23 it provides an exogenous source of reduced folinates and stabilises the 5-FU-TS complex, enhancing 5-FU cytotoxicity. First discovered in 1948 as a citrovorum factor, it is occasionally called by that name. 24 
Capecitabine
Capecitabine is an oral fluoropyrimidine carbamate rationally designed to generate 5-FU preferentially in tumour tissue through the exploitation of highintratumoral concentrations of thymidine phosphorylase (TP). TP is found in significantly increased concentrations in a wide range of cancers, including colorectal, breast and gastric cancers, compared with normal tissues. 25 Previous pharmacokinetic studies in humans have shown almost complete absorption of capecitabine through the gastrointestinal wall after oral administration; direct intestinal exposure to 5-FU is thereby avoided. Capecitabine is metabolised to 5-FU via a threestep enzymatic cascade, with the final conversion to 5-FU mediated by TP. 26 
Oxaliplatin
Oxaliplatin is a platinum derivative in which the platinum (Pt) atom is complexed with a 1, 2 diaminocyclohexane and an oxalate ligand. It was synthesised with the goal of overcoming resistance to first and secondgeneration Pt compounds by Sanofi-Synthelabo in 2001. The mechanism of action of oxaliplatin is similar to that of cisplatin as well as other Pt compounds. Studies conducted until now indicate that the types and percentages of Pt-DNA adducts formed by oxaliplatin are qualitatively similar to those formed by cisplatin; however, preclinical data suggest several unique attributes of the cytotoxic/ antitumour activity of oxaliplatin. Oxaliplatin demonstrated a broad spectrum of in vitro cytotoxicity and in vivo antitumour activity distinct from those achieved by either cisplatin or carboplatin. 27 Oxaliplatin was active against several cell lines, CRC and other solid tumours that were not responsive to cisplatin. 27 In addition, oxaliplatin in combination with 5-FU led to the synergistic antiproliferative activity in several in vivo models. 27 28 Bevacizumab Bevacizumab is a recombinant humanised monoclonal antibody targeting a vascular endothelial growth factor (VEGF or VEGF-A) that plays a central role in signalling pathways that control tumour angiogenesis and survival. The disruption of this signalling pathway prevents tumour angiogenesis and controls proliferation of abnormally existing tumour blood vessels and vessel permeability allowing cytotoxic drug access into the tumour. 29 30 Treatment programme This study does not allow crossover between capecitabine and 5-FU throughout the study. The experimental arm (Arm A, 'wait-and-go' arm) of the trial consists of two regimens: Cape-Bmab or 5-FU-Bmab. Cape-Bmab consists of capecitabine (1000 mg/m 2 two times day 1-14) plus bevacizumab 7.5 mg/kg over 90 min on day 1 every 3 weeks. Treatment continuation is intended until disease progression or development of toxicity. In case of progression, escalation to combined chemotherapy with CapeOX-Bmab is provided. CapeOX-Bmab consists of capecitabine (1000 mg/m 2 two times day 1-14), oxaliplatin 130 mg/m 2 as a 2-hour infusion on day 1 and bevacizumab 7.5 mg/kg over 90 min on day 1 every 3 weeks.
5-FU-Bmab consists of bevacizumab at 5 mg/kg as a 30-min infusion and leucovorin 200 mg/m 2 as a 2-hour infusion, followed by a bolus of 5-FU 400 mg/m 2 within 15 min and 46-hour infusion of 5-FU 2400 mg/m 2 on day one every 2 weeks. Treatment continuation is intended until disease progression or development of toxicity. In case of progression, escalation to combined chemotherapy with mFOLFOX6-Bmab is provided, which consists of bevacizumab at 5 mg/kg as a 30 min infusion and leucovorin 200 mg/m 2 as a 2-hour infusion, and the concurrent administration of oxaliplatin 100 mg/m 2 as a 2-hour infusion, followed by a bolus of 5-FU 400 mg/m 2 within 15 min and 46-hour infusion of 5-FU 2400 mg/m 2 on day 1 every 2 weeks. The control arm (Arm B: 'stop-and-go') of the trial starts with either CapeOX-Bmab or mFOLFOX6-Bmab regimen selected by the doctor who treated the enrolled patient. Treatment continuation is intended until disease progression or development of toxicity. After 12 weeks of treatment or in the case of oxaliplatin-associated toxicity, de-escalation to Cape-Bmab or 5-FU-Bmab is recommended. In case of disease progression after treatment de-escalation, re-escalation to the combination chemotherapy is possible.
ETHICS AND DISSEMINATION Ethics
This study is conducted according to the standards of Good Clinical Practice and in compliance with the Declaration of Helsinki 2013 and local regulations. The independent medical ECs of all participating hospitals have approved the study protocol. Oral and written informed consent forms are obtained from all patients prior to randomisation.
Dissemination
The protocol and the trial results, even inconclusive, will be presented at international oncology congresses and published in peer-reviewed journals.
DISCUSSION
Currently, four clinically distinct groups of patients with mCRC are recognised. Group 0 patients are those with technically R0-resectable liver or lung metastases, while group 1 patients have potentially resectable metastatic disease with curative intention. Group 2 patients have disseminated disease that is technically never or unlikely resectable and requires intermediate intensive treatment. Group 3 patients, on the other hand, are those with never-resectable metastatic disease needing non-intensive or sequential treatment. 3 With respect to the sequential approach, only the AIO KRK 0110 trial, which contains a sequential strategy with bevacizumab as a starting single-agent chemotherapy (capecitabine-Bmab) and allows for escalation to combination chemotherapy with capecitabine with irinotecan-Bmab, examined the efficacy of a single cytotoxic argent with bevacizumab. 31 However, the AIO KRK 0110 trial is designed for patients with disseminated, albeit asymptomatic, mCRC who are not potential candidates for the surgical resection of metastases. Previous studies that examined the efficacies of sequential use of cytotoxic agents, namely FOCUS, FOCUS2, CAIRO and FFCD 2000-2005 , were performed in patients with mCRC without stratification according to clinical presentation. [7] [8] [9] [10] Therefore, the C 3 study is designed to examine the efficacy of sequential use of cytotoxic agents combined with bevacizumab in subgroups of patients with mCRC.
An escalation strategy in the preantibody era has been investigated in the CApecitabine, IRinotecan and Oxaliplatin in advanced CRC (CAIRO) study. Koopman et al 9 reported a trial arm where treatment was escalated in sequential steps from capecitabine (first-line) and irinotecan (second-line) to third-line capecitabine plus oxaliplatin (CAPOX). Comparison with a combination application of capecitabine with irinotecan as first-line and CAPOX as second-line led to the interpretation that the combination treatment did not significantly improve OS compared with the sequential use of cytotoxic drugs. 9 Another study of the preantibody era was the FOCUS trial, 7 which compared 5-FU/leucovorin followed by irinotecan at progression (Arm A), 5-FU/leucovorin followed by combination chemotherapy (both FOLFIRI and FOLFOX) (Arm B), and combination chemotherapy (both FOLFIRI and FOLFOX) (Arm C) from the onset. This large-scale study also challenged the assumption that in a non-curative setting, maximum tolerable treatment must necessarily be used as a first-line therapy. 7 Another study, the FOCUS2 trial, 8 compared 5-FU/leucovorin followed by FOLFOX at progression (Arm A), FOLFOX from the onset (Arm B), capecitabine followed by CAPOX (Arm C) at progression and CAPOX from the onset (Arm D). This study also confirmed that initially intensive regimens do not induce a superior outcome compared with single-agent first-line strategies. 8 The FFCD 2000-2005 trial compared the sequential 5-FU/leucovorin, FOLFOX (second-line) and FOLFIRI (thirdline) treatment strategy to the more conventional sequential FOLFOX and FOLFIRI (second-line) strategy. 10 Again, this trial confirmed that initially intensive regimens do not induce a superior outcome compared with the well-tolerated single-agent first-line strategies.
The C 3 study does not simply investigate two treatment regimens but rather compares two strategies of treatment; for this reason, TFS is selected as the primary end point. TFS, as well as DDC, showed better correlation with OS than conventional PFS as shown previously by Chibaudel B et al who analysed three trials with 'stop-and-go' strategies. In this study protocol, TFS is defined as the time between randomisation and final failure of CapeOX/mFOLFX6-Bmab treatment in both treatment arms. This end point allows for a wide range of options to manage patients with mCRC while retaining them on the study, thus providing a more complete assessment of a given strategy's benefit. 29 In the case of comparable TFS times, toxicity will be evaluated according to the NCI CTCAE criteria with a predefined score system using symptomatic grade 2-4 toxicities per cycle. This innovative design allows for the analysis of both the therapeutic strategies and associated toxicities.
The C 3 study is designed for patients with unresectable mCRC. Two bevacizumab-based strategies are compared: one starting as a single-agent chemotherapy (Cape/5-FU-Bmab) allowing escalation to CapeOX/ mFOLFOX6-Bmab and another starting with combination chemotherapy (CapeOX/mFOLFOX6-Bmab) and allowing de-escalation to Cape/5-FU-Bmab with the option of subsequent re-escalation if required.
